. A number of environmental factors reduce the contribution of N 2 fixation to legume nitrogen nutrition. An interesting approach to improving N 2 fixation could exploit genotypic tolerance to limiting factors such as the presence of high amounts of nitrate in the soil.
Inhibition of symbiotic nitrogen fixation by nitrate is common to all legumes with variations between and within species (Hardarson et al, 1984; Harper and Gibson, 1984; Jensen, 1987; Park and Buttery, 1989) . The physiological mechanisms involved in this inhibition have not been completely elucidated (Vessey and Waterer, 1992; Parsons et al, 1993 ). Since variability for the level of inhibition seems to be more dependent on the plant genotype than on the microsymbiont strain (McNeil, 1982; Gibson and Harper, 1985) , sources of tolerance have been searched for among plant hosts. Plant genotypes that can maintain a nitrogen fixing activity in the presence of high amounts of nitrate (tolerant genotypes) could provide a useful model for the investigation of the inhibition mechanisms. Two sources of partially tolerant genotypes were described: lines obtained through induced mutagenesis in soybean (Carroll et al, 1985; Gremaud and Harper, 1989) , pea (Jacobsen and Feenstra, 1984; Duc and Messager, 1989) , and common bean (Park and Buttery, 1988) ; and lines issued from spontaneous variability in soybean (Betts and Herridge, 1987; Serraj et al, 1992) .
Lines obtained through mutagenesis produce a large number of nodules in the presence and absence of nitrate (supernodulating mutants). Reciprocal grafting studies in soybean showed that the lack of nodulation autoregulation in the mutant type involves the shoot of the plant (Delves et al, 1986; Cho and Harper, 1991) , and especially the leaf (Delves et al, 1992) . Shoot control was also responsible for supernodulation in pea (Duc and Messager, 1989) and common bean (Buttery and Park, 1990) . A model of nodulation autoregulation was proposed, involving a root-derived signal linked to the process of nodulation, and a response-inhibiting signal from the shoot to the root (Gresshoff et al, , 1991 .
Additionally, nitrate treatment may interact with the latter signal, and enhance the inhibitory response (Day et al, 1989 ). In the mutant type, the shoot-derived autoregulation signal would be either altered or absent, inducing a supernodulant and nitrate-tolerant (for nodulation) phenotype. In terms of nitrogen fixation, supernodulating mutants showed a low specific activity (C 2 H 2 reduction / nodule biomass), and this activity was reduced in the presence of nitrate in the same proportion as for the wild type parent (soybean: Hansen et al, 1990; Wu and Harper, 1990; pea: Jacobsen and Feenstra, 1984; com- mon bean: Buttery and Park, 1990 ). This last result was not always confirmed for soybean; a lower inhibition of specific activity was observed for the mutant type (Schuller et al, 1988) .
Unlike supernodulating mutants, nitrate-tolerant soybean lines issued from germplasm screening showed normal nodulation in the absence of nitrate (Betts and Herridge, 1987; Serraj et al, 1992) . A partially tolerant line Tielingbaime was described for physiological characteristics (Serraj et al, 1992 (Fehr and Caviness, 1977) by acetylene reducing activity (ARA), according to an in situ method (Balandreau and Dommergues, 1971 (Dagnelie, 1975) . To study shoot and root effects on measured characters, a diallel analysis was carried out according to Griffing (1956) : a model with constant effects, where reciprocals but not 'parents' (self-grafts) are included.
Reciprocal effects, as combining ability effects, were split into general and specific effects (Demarly, 1977 (Delves et al, 1986; Cho and Harper, 1991) (Day et al, 1987; Gremaud and Harper, 1989) . According to the model of nodulation autoregulation proposed by Gresshoff et al (1988 Gresshoff et al ( , 1991 , the tolerant lines observed in the present study display a normal autoregulatory signal, but interaction between this signal and the presence of nitrate (Day et 
